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Changes in Arachidonic Acid Metabolism in UV-Irradiated Hairless 
Mouse Skin 
THOMAS RUZICKA, M.D., JOSEPH F. WALTER, M.D., AND MORTON P. PRINTZ, PH.D. 
Divisions of Pharmacology (TR, MPP) and Dermatology (JFW), Department of M edicine, University of California, 
San Diego, La J olla, California, U.S.A. 
This study was conducted to investigate the metabo-
lism of arachidonic acid in the skin of hairless mice 
exposed to UV A, PUV A, UVB, and UVC irradiation. 
The main products of arachidonic acid in the epidermis 
were hydroxyeicosatetraenoic acid (HETE), PGE2, and 
PGD2. Dermis displayed a lower lipoxygenase activity 
(expressed as HETE production) than the epidermis and 
showed no detectable cyclooxygenase activity, i.e., no 
prostaglandin production. The main changes observed 
in UV-induced inflammatory reactions were as follows. 
1. A 5-fold increase in dermal HETE production in 
PUV A-treated animals and a 29% reduction in epider-
mal HETE formation after UVC treatment. 
2. A marked decrease of PGD2 and a marked increase 
of PGE2 formation due to alterations of PGH2 metabo-
lism in the UVB-treated group; however, cyclooxygen-
ase activity was unchanged. 
These changes in arachidonic acid metabolism in the 
skin may be of pathophysiologic importance in UV -in-
duced inflammatory reaction. 
The mediators of inf1ammation in UV -induced reactions in 
the skin are largely unknown. Several lines of evidence point 
to a participation of arachidonic acid and its derivatives in 
these processes. In particular, activation of phospholipase A2, 
release of arachidonic acid, · and increased levels of prostaglan-
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dins were found after UVB irradiation [1-5]. However, these 
changes showed a correlation with the UV -evoked erythema 
only in the early phases of reaction, and indomethacin only 
partly suppressed the UVB-induced dermatitis [6] . Similar 
results were reported after UVC irradiation [7,8]. In the pho-
totoxic reaction induced by 8-methoxypsoralen and UV A 
(PUVA), arachidonic acid and prostaglandin levels in the skin 
exudates were found to be unchanged [9,10]. 
Based on these findings and since the formation of newly 
recognized mediators of inf1ammation derived via the lipoxy-
genase pathway of arachidonic acid metabolism (11] had not 
yet been studied in UV-induced reactions, we undertook a 
systematic evaluation of the lipoxygenase and cyclooxygenase 
pathways of arachidonate metabolism in the skin of UVA-, 
PUV A-, UVB-, and UVC-irradiated hairless mice. Our ap-
proach was to measure the activities of the lipoxygenase, cy-
clooxygenase, and endoperoxide metabolizing enzymes rather 
than to determine the metabolite (i.e. , endogenous products) 
levels present in the skin. We believe that alterations in enzyme 
activities produce a better reflection of changes taking place 
during the inflammatory reaction. Metabolite levels found at 
any time point in the course of the inflammatory reaction may 
not reflect a true history of tissue levels over the entire period 
of time due to the rapid formation and degradation of the 
substances in question. Moreover, measurements of tissue lev-
els are extremely prone to artifacts caused by tissue handljng 
and sample preparation. 
MATERIALS AND METHODS 
Animals 
Three-month-old female hairless albino mice (HRS/J), raised in our 
breeding colony, were used for all studies. 
UV Irradiation 
UV A and UVB irradiations were given with a 1000-W xenon arc 
solar simulator (Oriel Corp.). This radiation source has a continuous 
output that peaks in the ultraviolet spectrum and extends into the 
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visible light and infrared wavelengths. UV A irradiation was performed 
with a 335-nm long pass filter to remove wavelengths below 320 nm 
and a water filter to reduce infrared output. The animals were irradiated 
with a flux of 12 mW/cm2/s and a total dose of 5 J jcm2 • Twenty 
microliters of 8-methoxypsoralen (1 % Oxsoralen lotion, Paul B. Elder) 
corresponding to 2 1'1/cm2 was applied to the backs of the animals in 
the PUV A group 1 h before irradiation. For UVB irradiation, a 305-
nm long pass filter was employed to filter out wavelengths below 290 
nm. The flux and the total dose were 1.3 mW /cm2/s and 78 mJ/cm2 , 
respectively. In the UVA and UVB experiments, animals were exposed 
for 7 min and 1 min, respectively, at a distance of 25 em from the 
collimating lens of the solar stimulator. UVC irradiation was performed 
with a General Electric G8T5 lamp emitting monochromatic radiation 
of 254 nm with a flux of 0.72 mW/cm2/s. The total dose was 0.43 
J/cm2 • 
Output measurements were done with an International Light IL-500 
radiometer equipped with a SEE015 UV A or SEE240 UVB detector. 
These detectors have half power point spectral responses at 325- 375 
nm and 275-303 nm, respectively. UVC was measured with a Blak-Ray 
short-wave UV meter J-225 (Ultra-Violet Products). 
Tissue Preparation 
Animals were killed by cervical dislocation, their skin removed, 
immersed in a 55 ' C water bath for 15 s, the epidermis and dermis 
separated by gentle scraping, and immediate ly frozen between 2 blocks 
of dry ice. The time interval between sacrifice and freezing of the 
tissues was 60- 90 s. Treatment of the skin for 15 s at 55' C did not 
influence the activity of any of the enzymes investigated when com-
pared with epidermal and dermal homogenates prepared by epidermis 
separation on a freezing microtome. Frozen epidermal and dermal slices 
were suspended in 0.1 M Tris buffer, pH 8.0, with 1 mM EDTA to 
prevent activation of phospholipase A2, and immediately homogenized 
at O' C by sonication with a Branson Model 350 sonifier. The homoge-
nates were centrifuged for 10 minutes at 12,000 g, and the supernatant 
used for enzyme assays. 
Histologic Examination 
Routine histologic examination was performed on irradiated animals 
as well as non irradiated controls. 
Enzyme Assays 
The radiometric assays measuring the activities of lipoxygenase, 
cyclooxygenase, and endoperoxide PGH2 metabolizing enzymes have 
been described in detail previously [12- 16,*]. Prostaglandins were 
identified according to their co migration on thin-layer chromatography 
with authentic PG standards (kindly supplied by Dr. J . Pike, Upjohn 
Co., Kalamazoo, Michigan) in 2 solvent systems. Hydroxyeicosatetrae-
noic ac id (HETE) was identified by two criteria: (1) comigration in two 
solvent systems with a 15-HETE standard and with 12-HETE, the 
main product of arachidonic acid formed by indomethacin-treated 
human platelets; and (2) the demonstration that production of the 
product was totally inhibited by preincubation of the enzyme with 
5,8,11,14-eicosatetraynoic acid (ETYA) and slightly enhanced by in-
domethacin. Reduction with triphenylphosphine or stannous chloride 
did not change the chromatographic properties of the product. Protein 
determinations were performed according to Lowry et al [17]. Statis-
tical analysis was done with two-tailed Student's t-test. 
RESULTS 
UV-Induced Reaction 
Hairless mice were irradiated with UV A, PUV A, UVB, and 
UVC as described in Materials and Methods. Maximal reaction 
was observed after 24 h: erythema in the UVB group, erythema 
and marked edema in PUVA-treated animals, very slight ery-
thema and edema after UVC treatment, and no visible reaction 
with UV A alone. The 24-h time point was therefore chosen for 
enzymatic determination. 
Histopathology 
Compared with controls who received no irradiation, PUV A-
treated mice showed multiple pyknotic nuclei in the epidermis 
* Ruzicka T, Vitto A, Printz MP: Epidermal arachidonate lipoxygen-
ase. Submitted for publication 
associated with vacuolar alteration of the cytoplasm of epider-
mal cells. In the dermis and subcutaneous tissue there was a 
moderate inflammatory infiltrate made up of polymorphonu-
clear and mononuclear cells. There was marked dermal edema 
with separation of collagen bundles noted. UVB-treated mice 
demonstrated pyknotic nuclei in the epidermis, but no vacuolar 
changes in the epidermal cells were seen. There was mild dermal 
edema and some mixed inflammatory dermal infiltration of 
polymorphonuclear and mononuclear cells. UV A- and UVC-
treated animals appeared similar to controls. 
Enzyme Activities 
Normal dermis produced 7.45 pmol HETE/250 JJ.g protein/ 
20 min while normal epidermis produced 30.95 pmol HETE/ 
250 JJ.g protein/20 min. The product probably represents 12-
HETE [18]. No peak comigrating with 5-HETE was observed. 
The dermal lipoxygenase activity (expressed as total HETE 
production [15,*]) was increased 5-fold in t he PUVA-treated 
group. UVC depressed epidermallipoxygenase activity by 29%. 
The results of these measurements are summarized in Tables I 
and II. 
Normal dermis lacked detectable cyclooxygenase activity. In 
the presence of reduced glutathione as essential cofactor [19], 
epidermal homogenates produced 6.90 pmol PGF2~, 18.66 pmol 
PGEz, and 11.90 pmol PGDz, with no detectable production of 
PGI2 (reflected in the formation of the stable hydrolytic product 
6-keto-PGFta), TXB2, HHT (Fig 1) . UVB suppressed PGD2 
production to 0 and increased PGE2 formation to 25.98 pmol/ 
assay. The cyclooxygenase activity, i.e., the total prostaglandin 
production, was unchanged compared to controls, but the spec-
trum of metabolites formed from PGH2 showed marked alter-
ations. Normal epidermis homogenates converted exogenous 
[ 1''C]PGH2 to PGF2"' PGE2, and PGD2 (Table Ill) in t he 
presence of reduced glutathione. PGF2" was formed via nonen-
zymatic breakdown of the labile substrate as evidenced by 
control experiments using boiled homogenates. The ratio 
PGE2/PGD2 formed from exogenous ['•C]PGH2 was 0.77 in 
normal and 2.26 in UVB-irradiated skin. This was due most 
likely both to a diminished activity of PGH2 -PGD2 isomerase 
and increased PGE2 formation, the latter resulting possibly 
TABLE I. Lipoxygenase activity in UV irradiated hairless mouse 
dermis 
Group 
Control 
Psoralen 
PUVA 
UVA 
UVB 
uvc 
HETE production 
(pmol/250 !lg protein/20 min) 
7.45 ± 0.88 
8.43 ± 1.05 
38.43 ± 2.83" 
9.80 ± 1.68 
6.83 ± 1.05 
9.95 ± 1.35 
Tissue homogenates were incubated with ["C]arachidonic acid and 
the lipoxygenase activity measured as HETE production. Values for 20 
min at 37'C indicate x ± SEM, n = 4. 
0 p < 0.05. 
TABLE II . Lipoxygenase activity in UV-irradiated hairless mouse 
epidermis 
Group 
Control 
Psoralen 
PUVA 
UVA 
UVB 
uvc 
HETE production 
(pmol/250 !lg protein/ 20 min) 
43.55 ± 3.88 
40.95 ± 4.63 
41.48 ± 3.43 
46.75 ± 9.48 
41.59 ± 4.60 
30.95 ± 2.15" 
Tissue homogenates were incubated with [14C] arachidonic ac id and 
the lipoxygenase activity measured as HETE production. Values for 20 
min at 37'C indicate x ± SEM, n = 4. 
0 p < 0.05. 
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FIG L Prostaglandin production from [14C]arachidonic acid in nor-
mal and UV -irradiated hairless mouse epidermis. Open bars denote 
total prostaglandin production, which represents cyclooxygenase activ-
ity. Values indicate x ± SEM, n = 4. 
TABLE IlL Endoperoxide PGH2 metabolism in UV-irradiated hairless 
mouse epidermis 
Group 
Control 
Boiled 
Psora! en 
PUVA 
UVA 
UVB 
uvc 
(pmol PG/120 11g protein/) min) 
PGF2. PGE2 PGD2 
12.98 ± 2.84 57.76 ± 6.32 63.18 ± 4.76 
21.74 ± 3.02 25.46 ± 2.02 21.06 ± 0.90 
12.06 ± 3.10 54.56 ± 2.12 53.18 ± 2.12 
12.10 ± 2.50 52.00 ± 10.94 59.88 ± 9.04 
15.38 ± 3.36 50.18 ± 1.04 64.68 ± 8.34 
16.24 ± 0.72 76.54 ± 3.06" 43.64 ± 2.90" 
11.70 ± 3.20 57.70 ± 12.48 61.94 ± 2.30 
Tissue homogenates were incubated with [14C]PGH2 in the presence 
of 2 mM reduced glutathione for 1 min at 22· c and the products 
determined. Nonenzymatic breakdown of substrate was measured in 
samples inactivated by boiling for 10 min . Values indicate x ± SEM, n 
= 4. 
a p < 0.05. 
from better substrate competition by the PGH2-PGE2 isomer-
ase enzyme with the depressed PGH2-PGD2 isomerase. 
DISCUSSION 
UVB- and UVC-induced dermatitis display changes in arach-
idonic acid metabolism which can be responsible only in part 
for the observed inflammatory reaction: elevated levels of ar-
achidonic acid and PGF2,., PGE2, PGD2, and 6-keto-PGF1,. were 
reported in tissue exudates in humans [2- 8]. PUVA-induced 
reactions did not show such changes [9,10] . Metabolism of 
arachidonic acid via the lipoxygenase pathway had, prior to our 
study, not been investigated in UV -induced inflammation. 
Therefore, the metabolism of arachidonic acid and endoperox-
ide was determined in the isolated dermis and epidermis of 
ha irless mice exposed to UV A, PUV A, UVB, and UVC and 
major changes observed. 
Lipoxygenase and cyclooxygenase activities in normal and 
treated tissues were essentially the same in homogenates in-
cubated immediately with 14C-labeled arachidonic acid and in 
homogenates preincubated for 20 min at 37•c before the addi-
tion of labeled substrate. 
Some of these alterations, in particular the enhanced for-
mation of HETE by dermal homogenates, can probably be at 
least partly ascribed to dermal infiltration of inflammatory 
cells. 
Since elevated levels of free arachidonic acid have been 
Vol. 81, No. 4 
reported in the skin following UVC irradiation [8], the observed 
depression of epidermallipoxygenase might be misleading since 
a release of unlabeled endogenous substrate could result in a 
dilution of the exogenous labeled arachidonic acid. Therefore, 
we cannot yet attach significance to our observed lower pro-
duction of HETE after UVC. This objection cannot apply to 
the observed apparent stimulation of dermal lipoxygenase due 
to PUV A. PUV A has not been found to lead to elevated levels 
of free substrate (arachidonic acid) in the skin [9]. Secondly, if 
such a release did indeed take place, it would minimize the 
effect observed, and the real stimulation would not be by a 
factor of 5, but in fact even higher. While the levels of arachi-
donic acid in PUV A-treated skin [9] appear normal, a role of 
arachidonate lipoxygenase in the pathophysiology of PUVA-
induced dermatitis cannot be excluded since normal levels can 
result from enhanced substrate utilization by a stimulated 
lipoxygenase . 
The change in the PGE2/PGD2 ratio observed after UVB 
treatment is due to an altered endoperoxide metabolism and 
cannot be explained by a change in substrate (i.e., arachidonic 
acid) pooL These results we believe to be of particular impor-
tance in light of our findings of altered endoperoxide metabo-
lism in contact and irritant dermatitis in guinea pigs, where a 
similar switch from PGD2 to PGE2 production was observed 
[16]. An interpretation of our findings with respect to their 
relevance to the pathophysiology of UV ~induced dermatitis 
must await further knowledge of the function of arachidonic 
acid derivatives in the skin. 
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Elemental Redistribution and Ultrastructural Changes in Guinea Pig 
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Energy dispersive x-ray microanalysis and transmis-
sion electron microscopy were used to study ultrastruc-
tural and chemical changes occurring in the keratino-
cytes at the primary irritant dinitrochlorobenzene 
(DNCB) reaction_ The results of the microanalysis 
showed a similarity between dose- and time-dependent 
effects of DNCB and were in accordance with the ultra-
structural findings. With increasing cell injury (as 
judged by the ultrastructure) there was an increasing 
loss of phosphorus, potassium, and magnesium from the 
cells and an increase of cellular calcium content. Sodium 
and chloride were only moderately changed. Results 
recorded when the skin was exposed to a weak DNCB 
dose were in accordance with a stimulation of the basal 
keratinocyte cell population. 
One of the problems in the analysis of pathologic conditions 
is to relate morphologic alterations to the function and viability 
of the cells under study. As seen in the electron microscope, 
cell injury and cell death are associated with ultrastructural 
changes [1]. The type and sequence of subcellular and cellular 
a lterations preceding cell death seems to be independent of the 
cause of the injury. Thus, if epidermis is exposed to different 
toxic or irritant substances such as chromium [2], dinitrochlo-
robenzene (DNCB) [3-5], croton oil [6,7], mercury chloride 
[8], acetone (9], alkali [10], and sodium Iaurylsulfate (11], the 
ultrastructural changes in the keratinocytes are of a similar 
Manuscript received November 30, 1982; accepted for publication 
April 11, 1983. 
This work was supported by the Swedish Work Environmental Fund 
(ASF 79/82) and t he Swedish Natura l Science Research Council. 
* Part of this work was presented at the Annual Meeting of the 
European Society for Dermatological Research , 1982 (J Invest Der-
matol 78:332, 1982). 
Reprint requests to: Magnus Lindberg, M.D., Department of Medical 
Biophysics, Karolinska Institute, Box 60400, S-104 01 Stockholm, 
Sweden. 
Abbreviat ions: 
DNCB: dinitrochlorobenzene 
nature. Morphologic alterations occurring at cell injury could 
be considered to be the result of an impaired ability to maintain 
a normal cellular homeostasis. A disturbed homeostasis resul ts 
in a redistribution of elements and water across the membranes 
of cells and cell organelles [12]. Consequently, if t he cellular 
distribution of ions can be determined, information is obtained 
on the functional state of the cells. The development of energy-
dispersive x-ray microanalysis has provided an inst rument for 
such determinations. This technique allows both a qualitative 
and a quantitat ive analysis . With energy-dispersive x-ray mi-
croanalysis it has been shown that a number of pathologic 
conditions are associated with an ion redistribution. An intra-
cellular increase of sodium, chloride, and calcium and a decrease 
of potassium are seen in autolysis [13], ischemia (14,15], and 
hemorrhagic shock [15]. The significance of ion shifts in t he 
process of cell injury is not completely clear [16]. Several 
investigations show that cell injury and cell death are associated 
with an increase in the intracellular level of calcium [17-20]. 
In the present study DNCB-exposed guinea pig skin was used 
as a model system to describe the elemental and ultrastructural 
changes taking place in epidermal kerat inocytes during the 
development of an irritative reaction. Both t ime and dose 
dependence of the reactions were studied. 
MATERIALS AND METHODS 
Experimental System 
Male guinea pigs weighing 400 g were used. The flanks and the back 
were utilized for experiments. Biopsy sites were clipped with an electric 
clipper 24 h prior to biopsy in all experiments. Animals were killed by 
an i.p. injection of 90 mg pentobarbi ta l (Mebumal Vet.). 
Transmission Electron Microscopy 
Specimens were fixed with 2.5% glutaraldehyde in a 300 milliosmolar 
phosphate buffer (measured by freeze-point depression) at +4 ·c for 24 
h, pH 7.4, postfixed in 2% osmium tetroxide for 1 h in t he same buffer 
rinsed before and after postfixation in the phosphate buffer, dehydrated 
in a graded ethanol series starting at 70% ethanol , and embedded in 
Epon . Approximately 40 nm-thick sections were cut with a diamond 
knife on a LKB Ultrotome. Sections were stained wi t h uranyl acetate 
in water or ethanol or with uranyl acetate and lead cit rate and subse-
quently viewed in a Philips EM 301 Gat 60 kV. 
